SUMMARY Intraluminal pressure in the ascending colon of 13 patients with right sided diverticular disease and 10 of normal subjects was studied with catheter-tip transducer inserted through colonoscopes. In the resting state the colonic motility index of patients with diverticular disease was greater than that of the controls. After intravenous injection of neostigmine methylsulphate higher pressure waves were more frequently observed in patients with diverticular disease than the controls, and the colonic motility index of patients was much greater than that of the controls with statistical significance. From these observations it is suggested that high intraluminal pressure and the abnormal motility in the ascending colon plays an important role in the pathogenesis of right sided diverticular disease.
It is well known that in Western countries left sided diverticular disease is common whereas in Asia right sided diverticular disease is more frequent. Pressure studies' 2 in the sigmoid colon together with histologic observations 6 have clarified the pathogenesis of left sided diverticular disease, however, no answer has been given as to the pathogenesis of right sided diverticular disease.
Although there has been no easy means to investigate the right colon physiologically, recent advances in the technique of colonoscopy has enabled us to examine the right colon and to measure the intraluminal pressure with catheter-tip transducers through the colonoscope to investigate the pathogenesis of right sided diverticular disease.
Methods

SUBJECTS
The motility of the ascending colon was studied in 10 normal subjects and in 13 patients with right sided diverticular disease (Table 1 ). The normal subjects had no disorders of the colon and rectum, with normal bowel habits and with no abdominal complaint. The patients had mutiple diverticula only in the caecum and ascending colon, seven of them were asymptomatic, four complained of change of bowel habit and abdominal discomfort, and two had a history of acute diverticulitis.
On the day before examination the subjects were permitted to take fluid only, a low residue diet and two kinds of laxatives (magnesium citrate and dicotyl sodium sulphosuccinate) were administered in the evening. A colonoscope was inserted into the caecum under radiographic screening without administration of sedatives or anticholinergics in consideration of their influence on colonic motility. When the scope had reached the caecum the guide wire was introduced through the biopsy channel and the scope was withdrawn carefully, leaving the guide wire in situ under radiographic screening. Thereafter, a polyethylene tube was inserted along the guide wire into the caecum and after the guide wire was withdrawn the catheter-tip transducer was introduced through the tube into the right colon (Fig. 1) .
Half an hour was allowed to elapse before the start of recording in order to minimise the influence of colonoscopy. The motility of the ascending colon pressure without errors in phase and amplitude because the sensor at the catheter tip changes the pressure directly into the electrical activity and it is easily prepared. The colonic motility was analysed with seven parameters; (1) the colonic motility index, being the product of the percentage duration of activity and the mean amplitude, (2) the percentage duration of activity (sum of waves' duration x 100/total duration of the recording period), (3) the mean amplitude, (4) the number of all waves, (5) the number of waves exceeding 20 mmHg, (6) the number of waves exceeding 50 mmHg, (7) the mean duration. Waves of 5 mmHg or less were excluded from these calculations because they were sometimes difficult to distinguish from respiratory movements and they would give little influence on seven parameters if they were included in these calculations.
In order to avoid divergency of interpretation between different investigators, all calculations were carried out by one of the authors.
Results were expressed as the mean ± SE. Statistical analysis was performed by the MannWhitney U test and the Wilcoxon T test.
Results Figure 3 shows the intraluminal pressure in the ascending colon in a normal subject (upper tracing) and in a patient with right sided diverticular disease (lower tracing). Each tracing represents five minutes of recording time. In the resting state (left half) a few pressure waves can be seen both in the normal subject and in the patient with diverticular disease; however, after neostigmine injection (right half) many high pressure waves are generated successively. In particular, the patient with diverticular disease shows many waves more than 80 mmHg which are absent in the normal subject.
In the resting state the mean values of six parameters except the mean duration of patients with diverticular disease were greater than those of the controls, and the differences in the colonic motility index and in the number of waves exceeding 20 mmHg were statistically significant ( (Table 3 ). The differences between both groups in these parameters were statistically significant. The colonic motility index increased to 470.9 in the controls and to 2,038.6 in patients with diverticular disease, being more than 10 times as great as in the resting state (Table 3 , Fig  4) . The colonic motility index in patients with diverticular disease in the neostigmine-stimulated state was significantly greater than that in the controls (p<0.005).
In the neostigmine-stimulated state the mean From these observations it is suggested that high intraluminal pressure generated by the abnormal motility of the sigmoid colon facilitates herniation of the colonic mucosa through the circular muscle layer at the points where the vessels penetrate the colonic wall.
In Japan, right sided diverticular disease is more frequent than the left sided one; however, no answer has been given as to the pathogenesis of right sided diverticular disease. Recent advances in the technique of colonoscopy made possible a study of the intraluminal pressure in the ascending colon with Mikro-Tip transducer.
The colonic motility index, which was the same as 'total activity' described by Connell. is perhaps the most significant parameters because it includes the two important components of motility -that is, the percentage duration of activity and the mean amplitude. In the resting state the colonic motility index of patients with right sided diverticular disease was greater than that of the controls. and after neostigmine stimulation the colonic motility of patients with diverticular disease was much greater than that of the controls. Waves more than 100 mmHg were not infrequently seen in the diseased segments in the neostigmine-stimulated state.
Fujita9 and Sasakil'' reported that patients with right sided diverticular disease showed high intraluminal pressure in the ascending colon after neostigmine injection, but their studies were not statistically compared between normal subjects and patients with diverticular disease.
There was little difference in the colonic motility between asymptomatic and symptomatic patients with right sided diverticular disease. Asymptomatic patients showed higher intraluminal pressure than the controls. It can be assumed that there is no direct relationship between symptoms and high intraluminal pressure.
It has been believed that diverticula of the caecum and ascending colon were the congenital or true diverticula with all muscular coats in their walls." Histological studies4 6 12 13 of right sided diverticular disease, however, have pointed out that diverticula of the caecum and ascending colon are false diverticula which consisted of mucosa with surrounding muscularis mucosa, and the circular muscle is conspicuously absent from the diverticular wall. Hughes4 has said that 'the "congenital" caecal diverticulum is largely a pathological myth. ' From our intraluminal pressure study of the ascending colon it is suggested that high intraluminal pressure and the abnormal motility in the ascending colon plays an important role in the pathogenesis of right sided diverticular disease. Further histological study is required in order to clarify the pathogenesis of right sided diverticular disease.
